Introduction
In many animal species, oogenesis results in the formation of an egg into which cytoplasmic components have been asymmetrically distributed. Specialized oocyte cytoplasm is responsible for early cell fate specification (Davidson, 1986) . In particular, induction of embryonic germ cell development depends on the localization of the germ plasm which is often cytologically distinct (reviewed by Beams and Kessel, 1974) . In Drosophila, the primordial germ cell formation is associated with the segregation of a distinct germ plasm at the posterior pole of the embryo (Mahowald, 1977) . Components of the germ plasm are synthesized during oogenesis. Four incomplete divisions of a cystoblast result in a 16-cell germline cyst. One of these cells becomes the oocyte and the other 15 cells develop into nurse cells, which produce large quantities of proteins and RNA for export to the oocyte (King, 1970) . Some of these maternal RNA and protein products accumulate at the posterior pole of the egg and contribute to the formation of the germ plasm (Mahowald and Kambysellis, 1980) . In extensive screens for maternal-effect mutations, numerous genes have been identified which are required for functional germ plasm and consequently germ cell formation (reviewed by Lehmann, 1992; Wilson and Mcdonald, 1993) . In addition to these maternal genes, a number of zygotic genes are required for female germline development (Perrimon and Gans, 1983) . Among these, the ovo gene belongs to the class characterized by the 'ovarian tumor' phenotype (Busson et al., 1983; Oliver et al., 1987) . Three dominant antimorphic uvo mutations are known (ovoD', ovoD2 and ovoD3; Busson et al., 1983) . In females heterozygous for either one of these mutations, the germline cells survive and populate the developing ovary, but oogenesis is blocked and egg chambers with more than 15 nurse cells are frequently observed. In case of double mutant combinations, abnormal cysts develop which contain a large number of germline cells that do not differentiate and form tumorous egg chambers (Oliver et al., 1990) . These various phenotypes suggest that ova is required in females for early cyst formation and differentiation, in addition to, possibly, germline survival (Oliver et al., 1987) . In males, no phenotype is associated with ovo mutations (Busson et al., 1983) .
In addition to the ovo phenotype, some recessive ovo mutations display also the shavenbaby (svb) phenotype (Oliver et al., 1987; MCvel-Ninio et al., 1989) . svb was first identified among a collection of mutations affecting the pattern of the larval cuticle (Wieschaus et al., 1984) . In svb mutants, defects in cuticle differentiation appear late during embryonic development. Ventral denticles are shorter and reduced in number and dorsal hairs are absent. In a number of cases, the svb phenotype has been shown to result from insertions of transposable elements within the ova coding sequence (Mtvel-Ninio et al., 1991; Garfinkel et al., 1992) suggesting the existence of a complex ovo-svb locus. We report here a further characterization of the structure and expression of the ovo-svb locus, It shows the differential embryonic expression of ovo and svb transcripts and suggests the existence of several isoform Ovo protein products. The . Genomic organization of the ovo-svb complex locus. At the top is shown the 7-kb S&I-Hind111 fragment that rescues OYO mutations in transgenie flies (Mevel-Ninio et al., 1991) . Below, on the left, is a line indicating material deleted in Df(l)biD': the open box indicates the extent of uncertainty as to the exact location of the breakpoint. Stippled blocks indicate genomic regions where insertions have been found which induce reversion of the dominant ovoD mutations. The phenotype of the revertants is indicated. Below is a restriction map of the ovo-svb genomic region. Coordinates are in kb from a Sa/I site at position zero. (H) HindHI; (P) Pstl; (R) EcoRl; (S) SaLI; (X) Xhol. The location of subcloned fragments used as probes on whole-mount embryos is indicated by single lines: probe I is a I-kb S&I-PsrI fragment, probe 2 is a 2-kb &I-PvuII fragment, probe 3 is a 0.6-kb EcoRI-Hind111 fragment, probe 4 is a 1.4-kb EcoRI fragment issued from cDNA 4, probe 5 is a 3.3-kb SaLI fragment derived from a phage, probe 6 is a 4-kb Pstl-Hind111 fragment. Further below is shown the structure of the ovo transcription unit, as deduced from analyses of cDNAs. Black boxes represent ORFs common to OYO and svb. Hatched boxes show ORFs specific to the ovo gene. Open boxes at the 5' and 3 ' ends of the gene correspond to untranslated mRNA regions. The location of the four zinc-finger motifs is indicated by half circles. At bottom, the structure of various cDNAs is shown. cDNA4 was isolated from a 8-12-h embryonic library (Mevel-Ninio et al.. 1991). The other cDNAs were isolated from a O-4-h embryonic library. germline specific expression of an ovo-IacZ transgene correlates with the germline specific function of ovo, although it rules out an expression of ova restricted to females.
Results
The ovo gene, as defined by the ability to rescue ovo mutations in transgenic flies, is included within a 7-kb DNA fragment (~$7, see Fig. 1 ) which was previously sequenced, allowing to predict that the Ovo protein is a CzHz zinc-finger transcription factor (Mevel-Ninio et al., 1991; Fig. 1) . The molecular localization of mutations responsible for either the ovo phenotype or the ovosvb double mutant phenotype delimited genomic domains specific to ovo or shared by ovo and svb (MevelNinio et al., 1989; Garfinkel et al., 1992) . Specifically, it was proposed that a portion at least of ORF 2a (Fig. 1) is shared by ovo and svb, since insertions of transposable elements in the region induce both a reversion of the dominant ovoD* mutation towards a loss of function ova-mutation and the appearance of a svb phenotype. The same argument holds true for the 0.64-kb XhoI fragment (+5348 to +5988 on the nucleotide sequence; Mevel -Ninio et al., 1991) . Conversely, a number of ovoD' revertants identified genomic regions specifically required for ova function since rearrangements in these regions do not affect svb. These are the 1-kb region located at the 5 ' end of the pS-7 fragment, between the SalI and PstI sites (0, +1092; Fig. 1 ) and the 0.9-kb EcoRI fragment (+3960, +4853; see Fig. 1 ). Finally, genetic data indicated that sequences included within the 
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i.e. located 5 ' to the pS-7 fragment are necessary for the svb wild-type function (Oliver et al., 1987; MCvel-Ninio et al., 1989) . The preliminary molecular data, together with genetic results, prompted us to investigate in detail the respective structure and expression patterns of ova and svb.
ovo RNAs: two different transcription start sites and alternative exon splicing
Previously described ova cDNAs were isolated by screening a 8-12 h embryonic library with a large ovosvb genomic fragment (Mevel-Ninio et al., 1991) . Since none of these cDNAs appeared to be full length and previous analyses indicated the accumulation of ovo RNAs in early embryos, we screened a O-4 h embryonic library (Brown and Kafatos, 1988 ) with a probe corresponding to Ovo protein coding sequences (probe 4, Fig. 1 ). Five independent cDNAs, whose organization is diagrammed in Fig. 1 , were isolated. While cDNA 2, presents the same splicing pattern as the previously isolated cDNAs (exemplified by cDNA 4 in Fig. l) , the four remaining cDNAs present an alternative splicing pattern of exons 2 and 3, which corresponds to an in frame extension of ORF 2a by 534 nucleotides. We refer to this extension of the reading frame as ORF 2b. ORFs 2a and 2b utilize the same splice acceptor site to connect to ORF 3 (Figs. 1 and 2B).
sequence predicts the existence of a transcription start site at nucleotide position 361 ( Fig. 2A ) and a short ORF (ORF la) in frame with ORF 2, after the excision of a 584 nucleotide intron (intron Ia). Intron Ia utilizes the splicing acceptor site previously predicted by sequence analysis 199 1) . ORF la contains an in frame AUG triplet at position 463-465. Its use as the initiator codon would lead to the production of an 1222 amino acid Ovo protein. cDNA 5*, which is the longest (4.35 kb) ovo cDNA isolated so far, differs in its 5' end from the products of 5 ' RACE. Its sequence starts with a G residue that is not encoded in the genomic DNA. This residue could have been introduced by the reverse transcriptase copying the cap, suggesting that this cDNA is full length with a transcription start site at position 852 ( Fig. 2A ). Sequence comparison with genomic DNA suggests the presence of an alternative donor splice site 142 bp upstream of the exon 2 acceptor site. Splicing of the corresponding intron (Ib) extends ORF 2 by 31 nucleotides in 5 ' (ORF 1 b, Figs. 1 and 2A), which do not include an AUG codon. The first in frame AUG is at position 2163, raising the possibility that, in addition to alternative splicing, some regulation of ovo expression could be at the translational level.
Differential expression of ovo and svb transcripts in wild-type embryos
In order to determine the position of the ovo tranSince genetic data indicate that the ovo and svb genes scription start site, we used the 5' RACE method display overlapping sequences, in situ hybridization to (Frohman 1990) . A single type of cDNA was found. Its embryos with probes issued from common regions should reveal both patterns of ovo and svb transcript expression. On the contrary, probes specific to either ova or svb should reveal a less complex, gene-specific pattern. Probe 2, which is included in ORF 2a, and probe 4, which contains both ORFs 3 and 4, correspond to regions shared by ova and svb (Fig. 1) . Both-probes reveal the same pattern of transcript expression (Fig. 3 and data not shown). During early nuclear cleavage stages, detected transcripts are extremely abundant and uniformly distributed (Fig. 3A) . Later on, the hybridation signal decreases rapidly, except at the posterior pole (Fig. 3B) . Staining is specifically detected in pole cells, as soon as they form and in all embryos (Fig. 3C ). This allows to follow the migration of pole cells into the amnioproctodeal invagination up to stage 8 (Fig. 3E) . Subsequently, however, and up to stage 17, there is no staining anymore of pole cells. In addition to pole cells, transcripts are detected at the late cellular blastoderm and early gastrulation stages [5-71 in the head region, roughly as two rings around the embryo (Fig. 3D) . The most posterior ring is located just anterior to the position of the cephalic furrow. Throughout embryonic development, transcripts continue to be detected in the head, particularly in the region of the pharynx, the antenal region and the hypopharyngeal lobe (Fig.  3F ,G). During germ band retraction (stage 12), an additional striped pattern appears which corresponds to the anterior part of each abdominal and thoracic segment (Fig. 3G) . In older embryos (stages 14), this staining coincides exactly with the regions of the denticle belt setae and dorsal hairs, the number and size of which are affected in svb mutants ( Fig. 3H and I ). Finally, in the fully developed embryo (stage 17), staining is detected again in germline cells, in the separated gonads (Fig. 35 ). With probe 3, which genetic data predict to be ovo specific, a strong and uniformly distributed staining is observed in early embryos at nuclear cleavage stage (stage 2). This staining then decreases progressively, but never becomes localized to any specific region of the embryo, including pole cells (not shown). This hybridization signal most likely corresponds to maternal transcripts previously shown to be very abundant in mature oocytes (MCvel-Ninio et al., 1991) .
ovo-specific transcripts identified in embryos lacking either svb, or ovo and svb functions
To distinguish between staining due to ovo versus svb transcripts, we examined mutant embryos carrying the Df(l)bi D2 deletion that removes the svb but not ovo function. When Df(I)biD21FM7 females are crossed with FM7/Y males, 25% of the progeny embryos should be males hemizygous for the deficiency. Df(1 )biD2 deletes the hindsight (hnt) locus and hnt hemizygous embryos can be readily recognized since they are very short embryos blocked at the stage of germ band extension. Fig. 4A and C shows hybridization of the ovo-svb probe 2 to embryos hemizygous for Df(l)biD2. In stage 7 mutant embryos, staining is detected exclusively in pole cells (compare Fig. 4A to 4B ), while in embryos blocked at stage 12, no staining is detected (compare Fig. 4C to  4D ). This indicates that staining in pole cells at the blastoderm stage is due to ova transcripts and staining in the head and the trunk can be unambiguously ascribed to the svb function.
In order to determine the maternal versus zygotic origin of transcripts detected in pole cells, in situ hybridization were performed on embryos originating from the following cross: Df(ovo-")/FM7
females crossed to FM7/Y males. Df(ovoe4) is a small, cytologically invisible, deficiency, which deletes the ova and svb functions. Of the progeny, 25% are males which are deprived of the zygotic ovo function but contain ovo maternal transcripts. Of a total of 270 embryos examined, 96% exhibited staining in the pole cells; the remaining ones were artefactually not stained. This demonstrates that transcripts present in pole cells between mitotic cycle 9 and stage 8 are of maternal origin.
svb transcripts are initiated upstream of ovo
The expression pattern of transcripts complementary to probes located 5' to the ovo gene (probes 5 and 6, Fig.  1 ) is given in Fig. 5 . Two major differences are observed when comparing with the pattern observed with ovo-svb probes. (i) Pole cells are not stained at any stage (Fig.  5A-C) ; (ii) there is no staining above background in cleavage stage embryos. These results show that genomic probes upstream of ovo contain svb transcribed sequences; they also confirm that both the maternal transcripts present in cleavage embryos and later in pole cells are OVO-specific, whereas staining in the head and trunk (Fig. 5C-E) is due to svb transcripts. The weak staining which is obtained with probes 5 and 6 suggests, however, that only a small amount of svb sequences are included within these probes. 
Expression of a ovo-/3-galactosidase fusion protein during oogenesis
To follow in more details the expression of ovo throughout development, we generated Drosophila transformant lines (five independant insertions) containing an ovo-facZ reporter gene. This reporter gene contains the ovo sequences from position 0 (SafI site) to position 5688, (i. e. up to the valine codon located two codons upstream of the stop codon; MCvel-Ninio et al., 1991) , fused in frame with the E. coli 1acZ coding sequence. We refer below to this Ovo-P-galactosidase fusion protein as the OvoB protein. The near full length of the ovo part made attractive the hypothesis of the genetic function of the OvoB protein. Therefore, one transformed line (46.2) was tested for its ability to complement the sterility of ovoD2/+ females. ova'*/+ fe- Fig. 6A and B. Expression of OvoB is detected in the germinal stem cells of the germarium and later in the nurse cells, An early phase of ovo transcript expression in the germarium is also detected by in situ hybridization (data not shown), while high level of transcripts are detected from stage 8, which ultimately accumulate in the growing egg (Mevel-Ninnio et al., 1991) . The OvoB protein is restricted to nuclei of germ cells, possibly associated to the chromatin (Fig.  6C) . After stage 10, OvoB accumulates uniformly in the growing oocyte. The intensity of this unlocalized ooplasmic staining then increases rapidly, probably reflecting the translation of ovoB mRNAs transferred from the nurse cells to the ooplasm (Fig. 6D ).
Expression of ovoB in wild type embryos, larvae and adult male germline
Early cleavage and blastoderm stage embryos homozygous for the ovo-1acZ transgene display a strong uniform OvoB staining ( Fig. 7A and B) . This staining which is most likely due to maternally inherited OvoB protein then decreases rapidly, despite the fact that the /3-galactosidase hapten might significantly increase the stability of the fusion protein. From the germ band extension stage, staining is exclusively detected in the pole cells ( Fig. 7C-E) . At stage 14 (Fig. 7F) , OvoB is only detected in the forming gonads and in some dispersed cells (l-5 per embryo) that we assume to be pole cells lost during their migration to the gonadal mesoderm. The OvoB protein is detected in all embryos, regardless of their sex, giving no evidence for an embryonic expression of ovo restricted to the female germline.
To distinguish between the zygotic and maternal expression of the ovo-1acZ transgene, wild-type females were crossed to males homozygous for the insert. Embryos originating from this cross exhibit an OvoB staining specific of germline cells, but not detectable before stages 16-17. This result shows that zygotic ovoB expression starts during late embryonic stages and that the ovoB expression detected during earlier stages is due to the persistence of a maternal product.
OvoB protein expression is also detected in larvae and is restricted to gonads in both sexes (Fig. 8A-C') . Germline specific OvoB expression persists up to the adult stage. In adult males, OvoB staining is detected in the most apical part of each testis where germline stem cells reside (Fig. SD and E) .
Discussion
Genetic and molecular data previously suggested that the ovo and svb genes are part of a complex locus, with the two functions depending on overlapping sequences (Oliver et al., 1987; MCvel-Ninio et al., 1989 Garfinkel et al., 1992) . Such a complex structure makes it difficult to investigate at the molecular level ovo-specific functions and interactions with other genes in the germ line differentiation pathway. Here, we further analyse the structure and expression of the ovo transcripts and separate the respective patterns of ovo and svb mRNAs in embryos. The further use of an ovo-1acZ reporter gene reveals novel aspects of ovo expression that could not be readily predicted from phenotypic characterization of mutants.
The complex pattern of svb expression
A complex pattern of svb expression is revealed by in situ hybridization to embryos. Although no alteration in the head has ever been described for svb mutant embryos, svb transcripts are expressed in two separate domains of the presumptive head region, starting at the blastoderm stage and until late in embryonic development. Head-specific defects could possibly have escaped detection, since head involution makes difficult a detailed analysis of cephalic cuticular structures (Finkelstein and Perrimon 1991) . Starting from germ band retraction, svb transcripts are expressed in segmentally repeated regions of the embryo, in cells that will ultimately differentiate to make dorsal hairs and ventral denticles, i.e. the structures which are precisely missing in svb mutants. This segmental svb expression correlates with results of genetic mosaic analyses showing that svb function is cell autonomous (Gergen and Wieschaus, 1985) . Failure to detect svb transcripts of maternal origin in embryos is consistent with the absence of maternal effect of svb mutations, as determined by germline clonal analyses (Perrimon et al., 1989) .
In situ hybridization with various probes shows that svb transcripts contain the ovo ORFs 2a, 3 and 4. Therefore, about 75% of the ovo protein sequence is shared with svb. Our results also indicate the existence of an alternative ova-specific ORF, ORF 2b. Localizanal ovo products might well carry maternal ovo tion of ova-specific mutations in ORF 2b and in the I-kb functions, not accessible to genetic analysis because of fragment in the 5 ' part of the pS-7 transgene shows that the sterility associated with all isolated dominant and these sequences are essential to wild-type ovo functions. recessive ovo mutations.
ovo expresses alternatively spliced mRNAs dlyferentially accumulated in embryos
In situ hybridization to early embryos shows the existence of at least two classes of maternal ovo transcripts differing by the presence or absence of the proteincoding alternative ORF 2b. These two classes of transcripts should thus encode two distinct polypeptides. The ORF 2b containing transcripts do not become localized to any specific region of the embryo and are degraded rapidly after blastoderm. At the opposite, mRNAs which are detected in pole cells between the blastoderm stage and stage 8 do not contain ORF 2b. Presence of an alternative exon has also been described in the case of the otu gene, and the proteins encoded by the two forms of transcripts have been demonstrated to exert specific roles in the processes of stem cell differentiation, germ cell division and differentiation during oogenesis (Steinhauer and Kalfayan, 1992) . The range of morphological defects caused by ova mutations suggests that ore, like otu, is required at multiple times during oogenesis, and that Ovo protein isoforms might also act at different stages of oogenesis. After stage 8, no OYO transcripts are detected anymore in pole cells. alto transcripts are expressed again later, in germ cells starting at stage 17, when gonads are fully formed. These transcripts are zygotic, as shown by the expression of an ovo-ia& transgene (see below).
Expression of an ovo-1acZ fusion gene correlates with the role of ovo in the differentiation of the adult female germline
Expression of ovo throughout development was followed by using an ovo-facZ reporter gene in transformed Drosophila lines. The OvoB fusion protein is detected in germinal cells of regions 1,2 and 3 of the germarium. This expression correlates with the phenotypes of some ovo mutations which indicate that ovo activity is required in the germarium for normal differentiation of adult female germ cells. For example, the OVO~'~" and ovoDlrS3' mutations result in absence of germ cells in ovaries, whereas mutations such as ovorM', ovorM2 and OVO"~~ lead to development of abnormal cysts which contain an excess number of germline cells and form tumorous egg chambers (Oliver et al., 1987 (Oliver et al., , 1990 .
As was observed for ovo transcripts (Mtvel-Ninio et al., 1991) , the OvoB protein disappears rapidly from early embryos and staining becomes rapidly localized exclusively in the nuclei of germline cells. This OvoB accumulation becomes evident at stage 12, when germ band retraction begins. As shown by expression of the reporter gene introduced through the male, the OvoB protein detected at that stage in germ cells likely corresponds to the translation of maternally inherited RNAs. A very early requirement of zygotic ovo activity for survival of the female germline cells was previously suggested (Oliver et al., 1987) . However, in our experiments, we find no evidence for a zygotic expression of ovo in embryos starting prior to stage 17, and this expression is independent of sex. OvoB protein expression is detected in both male and female gonads. Wild type ovo expression in adult males and females was first shown by Northern blot analysis of total RNA (MevelNinio et al., 1991) . The expression of ovoB in male germline cells, from embryogenesis to the adult stage, does not correlate with any known mutant phenotype. In this, and many other respects, ovo expression is similar to that of vasa. Ovo and Vasa are the only proteins known to date to be zygotically expressed specifically in embryonic germ cells. The Ovo and Vasa proteins are present in the germline of both sexes at all examined developmental stages ( Hay et al., 1988; Lasko and Ashburner, 1990) , despite the fact that neither function appears to be required in males. The expression of ovo and vasu in males can point to a high degree of conservation, regardless of sex, of the regulatory mechanisms directing specific expression in the germ line. Perhaps, along the same vein, it may be recalled that several ovo mutations lead to partial sexual transformation of the germ line.
Consistent with a maternal accumulation of OYO mRNAs in the oocyte, the OvoB protein is abundant and homogeneously distributed in early cleavage stage embryos. The accumulation of both ovo mRNAs and Ovo protein in the mature oocyte ensures a massive inheritance of ovo products by the embryo. These materThe complex ova-svb gene organization reported here correlates with the wide range of phenotypes resulting from mutations at this locus. ovo versus svb expression involves the use of separate promoters with distinct spatio-temporal specificities and the alternative splicing of protein-coding exons. The differential expression of protein isoforms through the use of alternative promoters and alternative splicing has been previously documented for several other Drosophila genes (Schneuwly et al., 1986; Mattox et al., 1990; Cribbs et al., 1992; Hsu et al., 1992; Steinhauer and Kalfayan, 1992) . The ovo-svb complex is an unprecedented case, however, where two completely independent functions (female germ cell survival and embryo patterning) are carried out by genes sharing most of their protein coding information.
ovo and svb transcripts both include coding sequences for the same four zinc-finger motifs, suggesting that the Ovo and Svb polypeptides display similar DNA recognition properties in vitro (Nardelli et al., 1991; Pavletitch and Pabo, 1991, 1993) . However, sequences outside the zinc-finger domain which are specific to either ovo or svb could contribute to selective binding in vivo to different genes (Noselli et al., 1992) , accounting, at least partly, for separate developmental functions. The nature of the ovo and svb respective gene targets remains now to be addressed.
Experimental procedures

Drosophila stocks
Flies were maintained on the standard Gif medium (Gans et al., 1975) . The ovoD mutations are described in Busson et al., (1983) . Df(l)biD2 is described in Banga et al., (1986) . The strain w OVO~~~'~' was used for testing the rescue of female sterility by the ovo-1acZ transgene 71.7. Df(ovoM4) was obtained by X-ray irradiation of ovoD' (Steinmann-Zwicky, unpublished result). Balancers and mutations not described in the text can be found in Lindsley and Zimm (1992) .
Nucleic acids and sequence analysis
DNA handling was carried out as described in Sambrook et al. (1989) . cDNAs were isolated from the O-4 h embryonic library of Brown and Kafatos (1988) by a high density screening protocol (Brown and Kafatos, 1988) . Total RNA was prepared from -1 g of staged embryos, using hot phenol (60°C) at pH 5 (Sato et al., 1982) . Poly(A+) RNAs were purified on oligo-d(T) cellulose columns. A 5' region of ovo transcripts was cloned using a rapid amplification of cDNA ends (RACE) by polymerase chain reaction (Frohman, 1990) . ovo-specific first strand cDNA was synthesized from O-4 h embryonic poly(A+)RNA (500 ng) using primer 1 (60 pmol) according to the Pharmacia 'first strand cDNA synthesis' kit protocol. After the extension reaction, the excess primers were removed with a cDNA spin column (Pharmacia Sephacryl S-300). The singlestranded cDNA was precipitated and resuspended in 5 ~1 H20. It was then poly(A) tailed in a 20 ~1 reaction volume with 25 units of terminal deoxyribonucleotide transferase (Pharmacia) in the appropriate buffer. The first and second round of amplification were done as in Frohman (1990) . For the first round of amplification the primers included the ovo-specific primer 1 and the NotId(T),s bifunctional primer of Pharmacia for the poly(A) end. For the second round of amplification primer 1 was replaced by primer 2. The ovo specific primers were the following: primer 1 5'-GGACTTGGTCGTTGAT CCGC-3' from nucleotide 1660 to nucleotide 1641 (Mevel-Ninio et al., 199 1); primer 2 for the RACE specific amplification was 5 '-GAATCGGATCCGGAGTC-ACTGTGGA-3' from nucleotide 1543 to nucleotide 1519. A substitution T -C has been introduced at nucleotide 1534 to create a BamHI site. The 5' end of ovo cDNA was subcloned between the EcoRI and BamHI sites of pBluescript KS(+). Independent clones were sequenced on both strands. The same cDNA was found in three independant experiments.
The 5 ' and 3 ' ends of embryonic cDNAs were sequenced according to the dideoxy-chain termination method (Sanger et al., 1977) , using as primers sequences of the SP6 and T7 RNA polymerase promotors which are present in the pNB40 cDNA plasmid vector (Brown and Kafatos, 1988) . Sequencing was also performed using primers specific to the ovo sequence.
Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed according to Tautz and Pfeifle (1989) as described in MCvel-Ninio et al., 1991 . Probes were made from purified restriction fragments of the ovo-svb locus, using the digoxigenin DNA labeling kit from Boehringer Mannheim.
Construction of an ovo-1acZ reporter gene
The oligonucleotide 5 ' CCATGCCAGTCGACAAT-TAGTTG 3 ' was used to introduce, by site directed mutagenesis, a SalI restriction site at position 5687 of the ovo genomic sequence. The resulting 5687-bp SalI fragment, containing the genomic ovo sequence from the SalI site [0] up to the valine codon, was then subcloned into the SalI-XhoI digested pZ2NOT plasmid (Payre and Vincent, 1991) . It was then inserted as a XbaI-Sall fragment into pSDL1, a P[ry'] transformation vector (Payre et al., 1989) . The resulting P[ovo-lacZ, ry'] construct encodes the Ovo protein, up to the valine residue (position 1211; Mtvel-Ninio et al., 1991) , fused to the /3-galactosidase. We refer to this fusion protein as the OvoB protein. The construct was used to transform flies from a ry506 stock, according to standard methods (Rubin and Spradling, 1982) . Five independant transformed lines were obtained, made homozygous and analyzed by X-gal staining. Three lines (46.2, 71.7 and 18.5) exhibiting high levels of ovoB expression were kept for further analysis.
X-gal staining procedure
Embryos, dechorionated by bleach treatment, were fixed in heptane/fix solution (10% formaldehyde, 100 mM PIPES pH 6.9, 2 mM EGTA, 1 mM MgSO,) for 20 min at room temperature with gentle agitation. Larval and adult tissues were dissected in buffer A ( 10 mM Na Phosphate pH 7.0, 150 mM NaCl, 1 mM MgCl,), fixed in buffer A plus 2.5% glutaraldehyde for 20 min at room temperature under agitation. Tissues and embryos were washed two times in buffer A containing 0.3% triton X-100, for 1 h at room temperature. Colorations were done in staining solution (buffer A preheated 10 min at 65°C plus 0.3% triton X-100, 0.33 mM [Fe(CN)6]K3, 0.33 mM [Fe(CN)6]K4, 0.2% X-gal) overnight at 37°C. Observation and photography were done using a Zeiss Axiophot microscope equipped with DIC optics.
